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ABSTRACT 
The efficacy of Gmelina arborea seed-oil as preservative on laminated bamboo against termite attack was 
investigated. Gmelina arborea fruits and ten matured Bambusa vulgaris of over 4 years were sourced 
from Oyo State, Nigeria. Oil was chemically extracted from the G. arborea seeds using n’ hexane and 
ethanol solvents and thereafter mixed with kerosene (at 50%) using volume-to-volume method to increase 
its quantity. The phytochemical screening of the seed of Gmelina arborea revealed the presence of 
tannins, alkaloids, flavonoids, saponins and phenols at different quantity. Strips from the base, middle 
and top of the harvested bamboo culms were soaked in the hexane and ethanol extracted G. arborea seed-
oil while, the untreated samples served as the control and thereafter used to produce boards. The 
production of laminated bamboo board was carried out in Bamboo and Rattan Workshop of Forest 
Products Development and Utilization Department, Forestry Research Institute of Nigeria, Ibadan, 
Nigeria. Durability test was carried out and data were analysed using descriptive statistics and ANOVA at 
P<0.05. From the results, the weight loss from termite attack of the laminated boards ranged from 7.93 to 
27.75% with increase from top to base resulting in decrease in weight loss of the boards produced. Boards 
preserved with G. arborea seed-oil ethanol extract were more resistant to termite attack (12.29%) 
compared to those preserved with the G. arborea seed-oil n’ hexane extract (13.59%). Based on the result 
obtained, G. arborea seed-oil extracts have the potential of being an effective wood preservative. 
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INTRODUCTION 
Bamboo is the most important non-wood forest 
species which grows abundantly in the tropical 
and sub-tropical regions of the world (Lobovikov 
et al., 2007). Bamboo is one of the oldest building 
materials used by mankind (Abd.Latif et al., 
1990). Bamboo can be used as an alternative 
source of raw materials for the wood industry due 
to its fast growth, ability to grow in various soils, 
short rotation period and other desirable properties 
(Razak et al., 2010). For generations, villagers 
have been using bamboo as construction materials 
and for furniture, household utensils and 
handicrafts. However, there are so many problems 
associated with the utilization of bamboo in 
housing and furniture sectors and one example is 
the short shelf-life of bamboo as a result of its 
insect-pest infestation. Sun et al., (2012) reported 
a high content of sugar, starch and protein in 
bamboo thereby, making it prone to bio-
deteriorating agents, as a result, reducing its shelf-
life. Thus, it becomes imperative that bamboo 
should be treated prior to its use in order to 
enhance its shelf-life. 
 
Wood preservatives are pesticides that protect 
wood against attack by insects, fungi or bacteria. 
Wood preservation on the other hand is an indirect 
form of forest management to ensure the supply of 
timber on a sustained yield basis (Brain, 1992). 
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Also, treating wood with the appropriate 
preservative increases its service life (Falemara et 
al., 2014). The conventional wood preservatives 
although found to be very effective against wood 
destroying organisms, are said to cause 
environmental pollution and are hazardous to 
animals and human beings (Adetogun, 1998; 
Onuorah, 2000). This has thus led to the 
restriction of the use of these non-biodegradable 
chemicals for wood preservation primarily due to 
the increased disposal problems of the treated 
woods taken out of service. This therefore calls 
for research to develop environmentally benign 
biological preservatives that will serve as 
alternatives to the hazardous synthetic ones. 
 
Of recent, research has been directed towards the 
exploration of the potentials of naturally durable 
tropical wood species in the preservation of non-
durable ones. Results from the use of plants 
extracts in preserving wood have been so far 
encouraging (Ogunsanwo et al., 2008; Adegeye et 
al., 2009 and Olajuyigbe et al., 2010). The 
potentials of using extracts derived from 
herbaceous plants, seeds, or fruit wastes, so-called 
essential oils, to protect wood against degrading 
fungi and insects has also received much attention 
worldwide (Vanneste et al., 2002, Maoz et al., 
2007) thus, necessitating a research into assessing 
the efficacy of the seed-oil of Gmelina arborea in 
the control of termites degradation in bamboo. 
Gmelina arborea seed-oil has been found to be a 
sustainable material for biodiesel in terms of its 
availability and renewability. Gmelina arborea 
seed-oil based biodiesel have been produced 
keeping two criteria in mind; the biodiesel met all 
the ecologically relevant standards and all the 
technical and industrial standards of ASTM 
D6751 and EN 14214 (Basumatary et al., 2012; 
Sangay et al., 2014). However, no research has 
been conducted into the use of G. arborea seed-oil 
extract as bio-preservative in the control of bio-
deteriorating agents like, termites. Gmelina 
arborea is bio-degradable and environmental 
friendly. There is therefore a need to further 
explore the anti-termite potentials of the seed oil 
of this species as preservative on bamboo and as 
well add to the groups of the existing 
environmental friendly preservatives. 
 
MATERIALS AND METHODS 
Collection of Gmelina arborea Fruits, De-
pulping and Extraction of Oil 
Ripe fruits of Gmelina arborea were sourced in 
large quantities from G. arborea trees in Federal 
College of Forestry located on the northern edge 
of the city of Ibadan, Nigeria (lies between 
Latitude 7°23ʹ15ʺ to 7°24ʹ00ʺ N and Longitude 
3°51ʹ00ʺ to 3°52ʹ15ʺ E). The fruits were de-pulped 
to separate the seeds, sun-dried and ground into 
powder. Thereafter, oil was extracted chemically 
from the grounded seeds with n’ hexane and 
ethanol in Soxhlet apparatus. 33g of the grounded 
G. arborea seeds (powdered) was filled into the 
thimble of the Soxhlet and 350 mL of solvent was 
poured into a Round Bottom Flask so as to extract 
the oil from the G. arborea seeds using soxhlet 
apparatus. This procedure was repeatedly carried 
out for the n’ hexane and ethanol solvents used. 
The extracted oil was then stored in a covered 
bottle prior to its use. 
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Plate 3: Gmelina arborea seeds powder Plate 4: Oil extraction using soxhlet apparatus 
 
 
Plate 5: G. arborea seed-oil n’ hexane extract 
 
Phytochemical Screening of G. arborea Seed  
Phytochemical screening of G. arborea seed was 
done following the standard procedure by the 
method of (Brain and Turner, 1976). The seeds 
were ground and subjected to phytochemical 
screening for the presence and amount of tannins, 
alkaloids, flavanoids, saponins and phenols. 
 
Harvesting of Bamboo 
Ten matured Bambusa vulgaris of over 4yrs were 
harvested from Asanmagbe Stream of Forestry 
Research Institute of Nigeria (FRIN), Ibadan, Oyo 
State, Nigeria. It lies between Latitude 7°23ʹ34ʺ to 
7°23ʹ36ʺ N and Longitude 3°51ʹ36ʺ to 3°51ʹ38ʺ E. 
 
Preparation of Bamboo Strips for Treatment 
The harvested bamboo culms were sampled at the 
base, middle and top. They were further cross-cut 
and splitted into strips size of 500 mm (length) x 
25 mm (width) x 5 mm (thickness). Strips were 
then air-dried at indoor conditions to moisture 
content value ranging between 20 to 25%.  
 
Method of Preservative Test 
Volume-to-volume method as adopted by 
Adebawo et al., (2015) was used to dissolve G. 
arborea seed-oil of n’ hexane and ethanol extracts 
in kerosene. The dilution of 50% as well as the 
untreated (control) samples was used for the 
study. However, the 50% dilution that was used in 
this study was obtained by adding 50mL of G. 
arborea oil in 50mL of kerosene (diluent).  
 
Treatment of Test Samples 
The prepared bamboo strips from base, middle 
and top were soaked in the prepared test 
preservatives for 24 hours. After treatment, the 
samples were removed from the treatment 
solution and drained. 
 
Laminated Bamboo Board Formation 
The preserved bamboo strips were dried followed 
by the application of adhesive bond (top bond, a 
starch-based adhesive) on the split faces of the 
strips. The strips were cold-pressed with a clamp 
for proper penetration of adhesive at the bond 
lines to form strong boards. Thereafter, the boards 
formed were cured at room temperature for 14 
days (2weeks) for proper bonding of the adhesive 
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Plate 6: Laminated bamboo boards 
 
Laminated Bamboo Board Testing  
At the end of the curing process, the bamboo boards 
produced were planed, edged and cut to 19 mm x 19 
mm x 457 mm for weight loss determination in 
accordance with ASTM D 1758-74. Each treatment 
combination of sampling height and preservative 
were replicated five times and 45 samples were 
obtained for the weight loss test. The data 
obtained were analyzed using Analysis of 
Variance (ANOVA) and were separated using 
Duncan Multiple Range Test at 5% level of 
significance. 
 
Grave Yard Test 
Grave yard experiment was carried out for 24 
weeks. Treated and control bamboo samples were 
buried in a graveyard with evidence of infestation 
by termite with spacing not less than 300 mm 
between samples and not less than 600 mm 
between rows in accordance with ASTM D 1758-
74. The initial weight of samples was first 
determined before they were buried in the 
graveyard and the final weight after 24 weeks was 
assessed and weight loss was determined by using 












W= % Weight loss  
W1= Initial weight before termite attack  
W2= Final weight after attack (after oven dried) 
 
RESULTS  
Results from Phytochemical Screening 
The results of qualitative and quantitative 
phytochemical analysis of Gmelina arborea seed 
are presented in Table 1. The results showed the 
presence and mean values of 
230.00±13.23mg/100g, 33.33±2.89mg/100g, 
156.67±44.81mg/100g, 151.67±7.64mg/100g and 
34.90±0.36GAE/g for tannins, alkaloids, 
flavonoids, saponins and phenols respectively. 
 
Table 1: Qualitative and Quantitative Phytochemical Analysis of G. arborea Seed 




Tannins, mg/100g + 230.00±13.23 
Alkaloids, mg/100g + 33.33±2.89 
Flavonoids, mg/100g + 156.67±44.81 
Saponins, mg/100g + 151.67±7.64 
Phenols GAE/g + 34.90±0.36 
+ Present; * Mean ± Standard Deviation of three replicate samples 
 
Effect of G. arborea Seed-oil Extracts on 
Weight Loss from Termite Attack 
The results of the graveyard test conducted on the 
oil-treated and untreated laminated bamboo 
samples placed in ground contact for 24 weeks 
period is presented in Figure 1.  It was observed 
that the weight loss of oil-treated and untreated 
laminated bamboo increases from the base to the 
top, as a result of its exposure to termites. Among 
the preservatives, weight loss from termite attack 
was least in laminated bamboo samples treated 
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(GASOEE) followed by the laminated bamboo 
samples treated with G. arborea seed-oil n’ 
hexane extract (GASOHE) while, the untreated 
(control) laminated bamboo samples had the 
highest weight loss from termite attack (Figure 1).  
Statistically, there is significant difference in the 
weight loss from termite attack of the laminated 
bamboo along the sampling height and among the 
preservatives (Table 2) at p<0.05 while, their level 
of interaction had no significant effect on weight 
loss from termite attack. The follow up test as 
presented in Table 3 showed that sampling height 
and preservatives were different from one another 
with the samples from the base and those treated 
with G. arborea seed-oil ethanol extract 
(GASOEE) having the highest durability.
 
    
 
Figure 1: Weight Loss from Termite Attack of Laminated Bamboo Samples 
 
Table 2: Analysis of Variance for Weight Loss from Termite Attack 
Source df SS MS F-value P-value 
Sampling Height 2 552.605 276.303 43.993* 0.000 
Preservative 2 1085.583 542.791 86.424* 0.000 
Sampling Height * 
Preservative 
4 30.884 7.721 1.229
ns
 0.316 
Error 36 226.100 6.281   
Total 44 1895.173    
* Significant at p<0.05 and ns= not significant at p>0.05  
 
Table 3: Follow-up Test for Sampling Height and Preservative 
Variables Mean±SDV 
Sampling Height 
Base    
Middle    












GASOEE   
GASOHE   











Mean with the same superscript in the same column are not significantly different (p<0.05) from one another 
 
DISCUSSION 
Results from Phytochemical Screening 
Tannins as observed in G. arborea seed have been 
reported by Barbehenn and Constabel, (2011) to 
possess anti-termite and anti-fungal properties. 
Alkaloids acts as attractants and as well act as 
deterrents for insects (Macel, 2011). Flavonoids 
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Saponins are produced by plants as a defence 
mechanism to stop attacks by foreign pathogens, 
which makes them natural antibiotics (Okwu and 
Emenike, 2006). Saponins have also been reported 
as deterrent for biological activity against insects. 
Several researchers (Singh and Sushilkumar 2008; 
Sotannde et al. 2011; Djenontin et al. 2012; 
Addisu et al. 2014; Faruwa et al. 2015) have 
reported efficacy of plants extracts as bio-
preservative against fungi and termite attacks. 
 
Mazhar et al., (2013) affirmed that the seed 
extracts of medicinal plant offers a source of 
naturally occurring chemicals that could be used 
as anti-termite. The anti-termite activity of these 
plants seed extracts is attributed to the presence of 
phytochemicals of different chemical structure 
that have repellent, anti-feedant or toxic effects on 
termites in feeding assays (Ahmed et al. 2007). 
Convincingly, the phytochemical constituents 
present in the seed from which the oil used in 
treating the laminated bamboo was extracted, can 
be attributed to its efficacy against termite attack. 
Hence, the highest quantity of tannins present 
suggests that it is the most contributing 
phytochemical against termite attack. 
 
Effect of G. arborea seed-oil extracts on Weight 
Loss from Termite Attack 
The increase in weight loss from termite attack of 
the oil-treated and untreated laminated bamboo 
from base to top as presented in Figure 1 is in line 
with several studies (Lukmandaru, 2011; 
Namujehe and Orikiriza, 2013). Lowest 
percentage recorded at the base may be due to 
highest ratio content of mature to juvenile wood. 
 
The G. arborea seed-oil (especially the G. 
arborea seed-oil ethanol extract, GASOEE) 
increases the laminated bamboo samples 
resistance to attack by the termites thus, causing a 
reduction in the deterioration of the treated 
laminated bamboo samples. This agrees with the 
position of Wong and Cheok (2001) that wood 
unprotected by a preservative can be attacked by 
termites in any termite infested area and if 
infestation is not checked can lead to deterioration 
with the consequence of loss of structure, cost of 
replacement and even the loss of lives. 
 
CONCLUSION 
The study showed that the G. arborea seed-oil 
extracts have the potentials of being an effective 
wood preservative and as an alternative to the 
synthetic wood preservatives that are unsafe to the 
environment. The study further showed that G. 
arborea seed-oil enhanced the durability of 
laminated bamboo against termite attack. The 
samples preserved with G. arborea seed-oil 
ethanol extract (GASOEE) were more resistant to 
termite attack compared to those preserved with 
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